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MAGNESTUM FINS AT MACH NUMBER 2.0 AND
|

STAGNATION TEMPERATURES UP
TO 3,600° R

By Williem M. Bland, Jr.
SUMMARY

Eight thin magnesium fins, seven with the leading edges swept back
17° and one with the leading edge swept back h5 » have been tested in
the preflight high-temperature Jet of the langley Pllotless Aircraft
Research Station at Wellops Island, Va. This investigation was made to
determine the effectiveness of various protective coverings designed to
alleviate aerodynamic-heating effects and Intended for application on
the flrst stages of rocket-propelled multistage hypersonic models.
Temperatures were measured at various locations throughout the fins.

Results of these tests, which were conducted at a Mach number of
2.0 for varilious stagnation temperatures up to 3,600O R, indicated that
wrapping Inconel sround the fin leading edges protected the adjacent
magnesium structure to the melting temperature of the Inconel covering.
When the fin was subJected to less severe heat inputs for a longer time,
the exposed magneslum surfaces behind the Inconel covered leading edge
became vulnereble to ignition and burning. Inserting a plece of
Fiberglas between the Inconel cover end the magnesium appeared to
decrease materlally the amount of heat transferred from the Inconel to
the magnesium. Also, it was determined that increasing the protective
covering at the leading edge and extending protectlon over the exposed
magnesium surfaces made the basic magnesium fin as much as four times
as dureble at stagnation temperatures as high as 3,400° R, Effective
air gaps between the lsyers of materiel were calculated by using simple
heat-~balance relations.
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INTRODUCTION

Problems associated with flight at supersonic and hypersonic speeds
are belng investigated by the ILangley Pilotless Aircraft Research Division
with multiple-gtage rocket-propellied models. Conventional fins sre being
used to stabilize various model-booster combinations in the supersonic
speed range where aerodynamic heating is often severe. As discussed in
reference 1, the aerodynamic heating is often so severe that unprotected o
magnesium fins can be damaged enough t¢ cause model instebility that )
results 1n destruction of the model before completion of the flight test.

Since the basic magneslum fins were light, easy to fabricate, and -
efficient, it was decided to attempt to extend thelr usefulness under ] =
severe heating conditions. Consequently, an investigation was begun to
determine the effectiveness of a number of protective-covering methods.

Results of tests made to determine the relative effectiveness at high
stagnation temperatures of several protective-covering methods applied

to the fin leading-edge region are reported in reference 1. These tests

were conducted by exposing uninstrumented models to & Mach number 2.0
alrstream with an adjustable stagnation temperature. = - -

Additional tests under similar conditlons have been made with a 3
serleg of eight instrumented models to determine the effectiveness of
more elaborate protective coverings applied to the leading-edge region
and protective coverings applied to the sides of the fins. Some effects o
of sweepback and leading-edge dlameter on aserodynamic heating were also
investigated. -

The models were instrumented with thermocouples so that temperatureé
through successive layers of material and along the fin surfaces could
be measured.

These tests were conducted at stream stagnation temperatures as
high as 5,600°.R in the preflight high-temperature jet of the Langley
Pilotless Aircraft Regearch Station at Wallops Island, Ve.

SYMBOLS
Cy specific heat of meterial, Btu/lb-°R

G alr gap, £t N —_—
K. conductivity of air, Btu-ft ‘

(sec) (sq £t) (°R)
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Subscripts:

132’3114'}5

a,b,c

Mach number
totel heat flux at a station, Btu/(sec)(sq ft)

temperature of material, °R

stagnation temperature of stream at jet center line, °Rr

time begimming when model reaches jet center line, sec

leeding edge

position of temperature measuring station behind leading
edge, fraction of chord length

sweepback of fin leading edge, deg
density of material, 1lb/cu ft

thickness of material, £t

temperature measuring stations

layers of material, & being outside layer,
layer, and c¢ being inside layer

b middle

MODELS

The basic plan form chosen for this investigation was a trapezoidal
fin that was fabricated from the same cast leading edges and the same

magnesium plates currently being used to maske booster fins.
edge was swept back 170

The leading
and the leading-edge helf-wedge angle was 5. 50.

As shown in figure 1, six models (models 1, 2, 3, 6, 7, and 8) were of
the basic trapezoidel plan form, model 4 had & change in the sweep of
the tralling edge, and model 5 was built with the leading edge swept
back 459, Models 1 and 6 had hexagonal alrfoil sections with sharp
trailing edges and the other models had slab airfoil sections behind
the leeding-edge wedge.

All the models were bullt with similer magnesium losd-carrying
structures to which protective layers of Inconel and steinless steel

were added in various. arrangements.
wedge sections were made of cast magnesium.

leading-edge and trailing-edge
Flat sections were fabricated
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from 3/16-inch-thick magnesium plate. Detalls of the protective coverings
applied to the models are as follows:

Models 1 and 6: A part of the leading-edge wedges of these models
was wrapped with 1/32-inch-thick Inconel which was held in place with
1/8-inch-dismeter rivets. In order to decresse the heat transfer between
the Inconel and the magnesium, a plece of 0.008-inch-thick Fiberglas cloth
was inserted between the metal surfaces of model 6.

Models 2 and 3: The leadlng-edge regions of these models were
protected with l/32—1nch-thick Inconel in the same manner as model 1
except for changes in rivet spacing. The Inconel was held on model 3
by one rivet, near midspan, and a holder at the root which permitted
spanwlse movement end prevented chordwise movement of the Inconel cover.

Model 4: The leading-edge wedge of this model extended to the
trailing edge and was completely covered with l/32-inch—thick Inconel
that was held in place by l/8-inch-diameter steel rivets spaced about
as shown in figure 1(d).

Model 5: A layer of l/32-inch-thick Inconel was wrapped around
the leading edge in the same menner as for models 1, 2, and 6.

Model T: A 1/32-inch-thick plece of Inconel was wrapped around the
leading edge and extended resrward to cover all the leading-edge wedge.
The Inconel and magnesium surfaces were separated by a plece of
0.008-inch-thick Fiberglas cloth. Additional protection was obtailned
by wrapping a second layer of thicker Inconel (0.050 in.) around the
leading edge. A layer of 0.003-inch-thick aluminum oxlde was applied
to the exposed magnesium on one side of this fin.

Model 8: All the side magnesium surfaces of this model were pro-~
tected from high-tempersture flow. A plece of l/32—inch-thick Inconel
was wrapped around the leading edge and extended rearward past the
50-percent chord line where 1t overlapped a plece of l/6h-inch—thick
stainless steel that had been wrapped around the trailing edge. As for
model 7, #dditional protection was obtained by wrapping a second layer
of 0.050-inch-thick Inconel around the leadlng edge.

On all models the magnesium structure at the fin tip hed no pro-
tective covering. The leading-edge radlus was 1/16 inch for all the
models tested, except for model 7, which hed a leading-edge radius of
0.121 inch, and model 8, which had a leading-edge radius of 0.113 inch.

The weight penalty incurred by the protective covéringq_increased
as the covering became more extensive. A 3.5-square-foot fin without
protection weighed 14.0 pounds, or 4.0 pounds per squere foot. With
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protection like that used on models 1, 2, 3, 5, and 6 the fin weighed
4.3 pounds per square foot and with the protection used on model T the
fin welght wes increased to 5.2 pounds per square foot.

INSTRUMENTATION

Temperatures were measured at desired locatlons in the models with
two different types of thermocouples: platinum—l3-percent-platinum-
rhodium and chromel-glumel thermocouples. Choice of thermocouples
depended upon the maximum temperature expected at the station of appli-
cation. Thermocouples were spot welded to the inslde surfaces of the .
Inconel and steinless-steel pleces and were puddle welded into the
magnesium surfaces.

The thermocouples were pleced as close as practicable to the fin
chord line that colncided with the center line of the Jet when the model
was in the testing position. This was done because the Jet conditions
varied across the stream with the most severe conditlons occurring at
the center line. Several models hed thermocouplegs distributed spanwise
at sbout 1/2-inch intervals along the leading edge.

Motion plctures of the model and of an electric clock were taken
from one side and from overhead during each test at spproximately
128 frames per second.

TESTS

The investigation was conducted by exposing the models at zero angle
of attack in the l12-inch-diameter preflight high-temperature Jjet at a
Mach nunmber of 2.0. Each model was mounted on a stand that would insert
it into the Jjet once the desired flow conditions had been establisghed.
Ten inches of the ll-inch span of each model were exposed 1n the Jet,
including the tlp. The models were withdrawn from the Jjet at predeter-
mined times or after demage to the fin was observed. The motion of the
stend was such that a model traversed ebout one-half the diameter of the
jet stream while being rotated to the test position and while belng with-
drawn. Approximately 0.4 second was spent traversing the jet stream in
elther direction.

The temperature varied across the dlameter of the Jjet during theseé
tests, the maximum temperature occurring near the center line, as dis-
cussed in reference 1. Calculated stream conditions based upon the
center-line temperature immedistely upstreem of the model position are
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presented in figure 2. A more detailed deséription of the operation and
characteristics of the high-temperature jet is presented in reference l

The jet was operated sco that the stream static pressure at the Jet
exlt was 0.78 times the aembient pressure. This resulted in a total _
pressure of 9,780 pounds per square foot behind the detached shock waves
which formed ahead of the 17° sweptback leading edges of the models. An
equivalent pressure would be gbtained in free flight -at Mach numbers of
2.6 and 4.0 at altitudes of 20,000 feet and 40,000 feet, respectivexy

Since the jet static pressure was less than ambient pressure, shock
diamonds were formled nesr the exit and extended downstream to intersect
on the jet center line sbout 2 inches (0.27 chord) behind the leading
edge of thé fins swept back 17° and 2 inches ahead of the leading edge
of the fin swept back 45°.

During these tests most of the models remained in the jet until
physlcal damage to the materinls was observed. The pﬁysical condition
of modél 1 before the test and after 8 seconds in the jet at a stagna-
tion temperature of sbout 3,500° R is shown in figures 3(a) and 3(b),
respectively.

. _ Time histories of the temperatures measured on the models’ tegted
in this investigation are presented in figures 4 to 12. Stagnation _
temperatures for each test are included in the "(a) part of each figure.
Stagnation temperatures “below 2 "{OOO R were measured on the jet center
line; those above 2,700° R were obtalned by extrapolating temperatures
measured in the cooler regions of the jet off the center line (ref. 1).
Whenever availeble, the temperatures of the basic magnesium structure
and intermediate layers of protectlve coverings at the same statlon are
included with temperatures of the outside protective covering. The time
histories are presented to the, time of thermocouple or model fgilure.

. RESULTS AND CALCULATIONS

[ i SR AL PR e T o Eeam

Simple Leading—Edge Protection_(Mbdels 1 to 5)

As indicated by the qualitative results of reference l wrapping the
leading-edge .region with l/ja-inch-thick Inconel was g _very effective
scheme. for, protecting the magnesium‘structure from the effects of severe
serodynamic heating. A similar protective Brrangement was used during
the present lnvestigation on models 1, 2, 3, and 5. The thermocouple
measurements presented in figures h(as, 5(a5, and 6(a) show & large dif-
ference between the temperature of the Inconel covering at the leading

edge and the temperature of the adjacent megnesium structure. A smaller,
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but still significant, temperature difference was measured on the wedge
section behind the leading edge (station x/c = 0, 133) of model 1
(fig. 4(v)). T

Destruction of model 1, which was tested under more severe condi-
tions than models 2 and 3, is attributed to failure of the Inconel cover
at the fin leading edge at sbout 2.0 seconds. Measured temperstures at
the leading edge, while not constent along the span because of the stag-
nation temperature gradient across the jet, indicate temperatures higher
then the melting temperature of Inconel (2,960° R) at two stations. These
extraordinarily high temperatures could possibly have been caused by
oxidation of the Inconel at local spots on the leading edge. Just before
the leading-edge cover failed, it was observed that the sharp traillng
edge started to melt at several locations near the Jet center line.

At the end of the test the temperature of the magnesium at the
leading edge of models 1 to 3 had increased to more than 1,300° R. (Mag-
nesium melts at about 1,660° R.) Temperature of the exposed magnesium
farther to the rear of these models approached the melting temperature,
particularly on models 2 and 3, which lested longer than model 1. The
first demage observed on these two models was'surface melting of the
exposed magnesium at gbout 2.0 seconds. Burning was observed on model 2
at gbout 4.6 seconds and on model 3 at gbout 3.5 seconds at the places
where surface melting was observed. (According to ref. 2, under the
conditions of these tests, magneslum can ignite at temperatures near the
melting temperature.) Some free oxygen, as listed in table I, was present
during each test and varied with stagnation temperasture as shown in
reference 1.

The protective covering at the leading edge of model 4 was identical
to that on models 1, 2, and 3 but extended all the way to the trailing
edge. Similer to model 1, model 4 was subjected to more severe test con-
ditions than models 2 and 3. The stagnation tempersture of this test was
ebout the same as that for model 1 and the temperature measured on the
Inconel leading edge (fig. 7(a)) increased at sbout the same rate as the
higher tempersture measurements at the leading edge of model 1. The
temperature at this one measuring station had not reached the melting
point of Inconel when the Inconel cover was observed to fall along the
leading edge as in the case of model 1. This Indicated that the tempera-
ture at stations away from the measuring station were probebly higher
than the meltlng tempersture.

Temperatures were also measured along the wedge of model Ik, as shown
in figure 7(b). On the near side of the fin the magnesium structure in
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a plug spproximately 1.5 inches in diameter was removed to the airfoil
chord plane. A thermocouple was attached at the center of the Inconel
covering the cavity. Thermocouples were also placed in the Inconel and
adjacent megnesium at the corresponding location on the far side of the
fin. Comparison of the near-side temperature messurements with the
somewhat 1limlted far-side measurements indicates the large amount of
heat that can be conducted from & hot piece of Inconel to the adjacent
megnesium in & simple structure. o

A simple leading-edge protective covering was also used on model 5,
which hed the leading edge swept back 45°. Streamwise structural details
remained the same as those on the previous models (except model L), since
the increase in sweep of the leading edge was obtained by shearing the
wing sections in planes alined with the free-stream direction.

Temperstures measured at the leading edge during the test, which
was conducted at a stagnation temperature of about 3,kOO° R, increased
only & little less repidly than the temperatures measured during the
tests of models 1 to &, thus roughly indicating that the same amount of
heat was transferred from the stream to the leading edges of models with
17° and 45° of sweepback. However, it should be noted that the leading
edge of model 5 was in the flow region downstream of the tunnel-exit-
shock intersection point instead of upstream as were the leading edges
of models 1 to 4. Thus, the decrease in heat transfer that would be
expected from an increase in sweepback angle was probably offset by the
more severe stream conditions imposed on the leading edge of model 5.
Temperatures measured in the exposed magnesium at the midchord position
were about the same as temperatures at the same position and comparable
times on other models in this group.

First demage to the fin was observed at about 1.9 seconds when sur-
face melting on the magnesium behind the Inconel cover occurred. Near
the time of model destruction the unprotected magnesium at the tip (near
the lesding edge) was observed to ignite. Shortly thereafter, at gbout
3.2 seconds, the magnesium (where surface melting was Pirst observed)
began to burn and the fin failed, B}

From the tests of models 1 to 5 it can be seen that the simple
leading-edge protection did protect the adjacent magnesium surfaces. It
was also seen that the protection was just-sufficlent for the test condi-
tions; that is, for the more severe tests, models 1 and 4, the Inconel
failed from overheating before the protected magnesium hed attained
melting temperature. For less severe tests, models 2, 3, and 5, the model
lasted a 11ttle longer but still failed when the unprotected magnesium
behind the leading edge ignited. _ -
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Modified Simple ILeading-Edge Protection (Model 6)

In order to investigate the effects of using an insulator to decrease
the transfer of heat from the hot protective coverings to the adjacent
magnesium structure, a model identical to model 1l was bullt with one
lsyer of 0.008-inch-thick Fiberglas cloth separating the Inconel from the
magnesium. Temperature time histories obtained during the test of this
model’'at only slightly lower stagnation tempersastures than those attained
during the test of model 1 are presented in figure 9. At the leading
edge and at station x/c = 0.133 (along the wedge) the temperature rise
in the megnesium weas only gbout 35 percent and 27 percent, respectively,
thet of model 1 after sbout 1.5 seconds (time of failure of model 6).
Other evidence that more heat was retained in the Inconel was cobteined
from high-speed motion pictures of the test, which showed that the Inconel
cover on model 6 heated sooner and failed sooner then the cover on model 1.
This meant that the temperature of the cover on model 6 reached melting
temperature first, even though the only temperature measured on the cover
of model 6 was well below the melting temperature; the measured tempera-
ture at the corresponding location on model 1 was also less than the
melting temperature of Inconel at the time of model failure. This dif-
ference probebly resulted from local flow nonuniformities in the Jjet.
Thus, for the conditions imposed, 1t can be seen that reducing the trans-
fer of heat to the magnesium structure shortened the useful life of the
Inconel cover.

Temperatures of the exposed magnesium at midchord on model 6 were
about the same as those on model 1 at comparsble times, but the tempera-
ture at the trailing edge increased faster and had exceeded 1,500 R at
the end of the test. From the films of the test it was observed that
the magnesium near the thermocouple installation on the sharp trailing
edge started to melt at sbout the time the Inconel leading-edge cover
failed.

Double-Wrapped Lesding Edge (Model 7)

In an effort to obtain protection for the magnesivm structure that
would have greater duration, model 7 was designed. This model was some=-
what similsr to model 6 except the 1/32-inch-thick Inconel cover and the
layer of Fiberglas were extended rearward to completely cover the leading-
edge wedge where models 2, 3, and 5 experienced initial difficulties.

In order to provide additional protection at the leading edge, where
models 1, 4, and 6 had experienced initial failures, an additiomal cover
of 0.050~ inch—thick Inconel was wrapped sround the leading edge.

This model was tested twice at stegnation temperatures near 2,500° R,
considerably lower than the stagnation temperatures of the tests pre-
viously discussed, once for L4 seconds and again for 10 seconds. Measured
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temperetures as shown in figures 10 and 11 were of sbout the same magni-
tude in both tests. The temperature of the magnesium under the Inconel
coters remained low &ll during the tests. ZEven at the end of the
10~-gecond test the. temperature of the magnesium at the leading edge had
only increased L0O® R. :

Temperatures messured in the magnesium rearward of the Inconel covers
(fig. 11(c)) show that the magnesium, particularly at the most rearward
station, wes approaching its melting temperature st the end of the
10-gecond test; and inspection of the model after this test showed thet
local megnesium surface melting had occurred at this station. On the
other side of the fin, where a layer of aluminum oxide sabout 0.003 inch
thick covered the magnesium surface, temperatures measured in the magne-
sium at comparaeble stations and local surface melting were about the
same.

Fully Cled Fin (Model 8)

Results of the tests of the other models showed that model fallure
wes precipitated either by failure of the simple Inconel covers at the
leading edge or by melting, and possibly burning, of the exposed magne-
sium surfaces along the sides of the fins. These sgpparent weak spots
were reinforced on model 8 by placing protective coverings over the
entire side areas of the fin, 1/32-inch-thick Inconel on the forward
section and 1/64-inch-thick stainless steel on the rear section. Addi-
tional protection at the leading edge was obtained by adding a short-
chord cover of 0.050-~inch-thick Inconel around the leading edge.

The model was tested to destruction wlth the Jet at a stagnation
temperature of about 3,400° R. This model lasted for more thean 8 seconds
which was much longer than other models lasted at this stagnation-
temperature leyel and almost as long as model 7 which suffered some
demage &fter 10 seconds at a stagnatlion temperature of only 2,400° R,
Most of the protective covering on model 8 became red hot after 3 seconds
in the Jet, but the temperature of the magnesium under the covering
remained relastively low (fig. 12). The temperature meggurements obtained
during the test of thls model are presented in figure 12 to illustrate
the effectlveness of the protective coverings applied at the different
locations.

It was observed thet the destruction of the model was precipitated
by failure of the outer Inconel cover at the leading edge near the jet
center line,
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Relative Effectiveness of Protective Covers

Resulte of tests of three models (1, 6, and 8) which were tested
at nearly the same stagnation temperatures, are presented in figure 13
to 1illustrate the relative effectiveness of three types of protective
coverings used. Comparing the temperatures measured on the magnesium
under the coverings at the leading edge and at station x/c = 0.133
along the wedge shows that the double-wrapped protection of model 8 gave
more protection, particularly at the leading edge, than the modified
simple leading-edge protection of model 6 and the simple leading-edge
protection of model 1. Also, by comparing results of models 1 and 6,
it can be seen how effectlive the layer of Fibergles inserted between
the Inconel cover and the magnesium on model 6 was in decreasing the
temperatures of the protected magnesium. The protection glven by the
double-wrapped leading edge of model 8 was so much better than that
given by the simple leading-edge protectlion of model 1 that at the
leading edge the temperature rise measured in the magnesium of model 1
was reduced 97 percent in model 8 at the time of failure of model 1.

Hest Flux

Some ides of the severity of these tests can be obtained from the
time historles of the total heat flux to varlous stations on models 3
and 8 presented in figure 14. Maximum values shown are gbout the same
as those calculated for the most severe heating conditions encountered
by fin-stebilized flight models. The values of heat flux represent the
sum of the changes in heat content in each layer of fin material at a
particular station. The changes in heat content of each layer were
obtained by assuming that the measured temperature of each layer repre-
sented the average through the layer. Thus, the heat-flux values calcu-
lated for the models with the thickest protective coverings (like model 8)
can be expected to be somewhet low, since they are the ones most influ-
enced by the temperature difference cobtalned through Inconel because of
its poor heat-conducting properties.

The difference in magnitudes of the leading-edge heat flux for
models 3 and 8 can also be partly attributed to the larger leading-edge
diameter of model 8 which decressed the magnitude of the aerodynamic
heat-transfer coefficient.

Test stagnation temperatures, protective coverings, and results of
the tests of the eight models are summarized in table I.
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Calculations : -

Experimentally determined values of total heat flux were used to
calculate the size of the effective gaps between each layer. Assumptions
made to perform the calculations are as follows: (1) heat was trans-
ferred across air gaps by conduction only, (2) the temperature of the
elr in a gap was taken ag the average temperature of the surfaces bounding
a gap, and (3) no temperature gredient existed through the Inconel or in
the magnesium. Edquations used to calculate the size of the gaps were .

ATy o

Ka-b
= Clw,a - Tw,b) = fw,aTw,a%,8 Tap

Ga-p

q-

K%-c

Cp-c

Kan
Gg-p

A
(Tw,b = Teye) = Br,bTw,b0%,b _T_‘.g%

(TW:B' - wab) -

K AT
b-c - = W,C
Gb-c(TW’b Tw,c) pw,cTw,ccw,c At

Al]l three equations were used when calculating temperatures in a model
with two protective layers like those on models 7 and 8. When only one
protective layer was considered, the symbols with subscript c¢ were
omitted. o ) -

Sizes of the effective gaps were esteblished by solving these equa-
tions with assumed values for gap size until values were found that
resulted in temperature-time histories in the layers that agreed well
with experimental results. Sizes of calculated effective gaps are pre-
gented in the following teble:

Model Gg.ps in. Gpeay in Location
2 0.0400 | ememe- Leading edge
3 0400 | cmmeaa Leading edge
5 0100 | mmae=—- Teading edge
7 .0035 0.0100 Leadling edge
8 0035 .0100 Leading edge
8 .00%5 0015 xfe = 0.133
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It may be noted that these values are gll grester than the minimum aver-
age alr gap to be expected between two metallic surfaces, 0.,0005 inch,
as given in reference 3. As indicated by the numbers in the teble, the:
largest geps can be expected when the radius of curveture is smallest.

Calculated temperatures of the two layers of protective covering
and of the magnesium st the leading edge of model 8 as made with the gep
sizes listed in the preceding table are compared in figure 15 with the
measured temperatures. It should be noted that the agreement between
the temperature curves was good to the time the calculations were
terminated.

The effect of gap magnitude on the temperatures calculated for
model 3 can be seen in figure 16. Calculated temperatures for gaps of
0.02 inch and 0.08 inch are compared with the temperatures calculated
for a gap of 0.04 inch, which showed good agreement with experiment.
Increasing the gap railsed the temperature of the Inconel cover and
decreased the temperature of the magnesium. Decreasing the gep had an
opposite effect. A comparison of these calculated temperatures shows
that a factor of 2 difference in gap megnitude caused temperature changes
as much as 270° R in the magnesium and 40° R in the Inconel at & time of
2.25 seconds.

CONCLUSIONS

Eight magnesium fins with various protective coverings designed to
alleviate aerodynamic-heating effects have been tested in & high-
temperature jet at & Mach number of 2.0. Results of nine tests at stag-
nation temperatures up to 3,600 R indicate the following conclusions:

1. Wrepping Inconel around the fin leading edges protected the
edjacent magnesium structure to the melting temperature of the Inconel
covering. TFor less severe tests the fin lasted longer but the exposed
magnesium surfaces behind the Inconel covering ignited.

2. Increasing the protective covering at the leading edge and
extending protection over the exposed magnesium surfaces mede the basic
magnesium fin as much as four times as durable at stagnation temperatures
as high as 3,400° R.
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3. Inserting a plece of Fiberglas between the Inconel cover and the
magnesium eppeared to decrease materially the smount of heeat transferred
from the Inconel to the magnesium. ‘ o

Langley Aeronsutical Leborsastory, ; J
National Advisory Committee for Aercnautics, ' -
Langley Field, Va., September 30, 1957.
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TABIE I

15

Calculated
A Stagnation ;‘:Zf“" of | Time of | Maxtmm messured
Model deé Protection tempera; ins cxyge: failure, temperature in Remarks
range, by voluze, sec Inconel cover,
percent -

1 17|Stmple L.E. - 3,460 to 3,480 1.5 2.0 3,120 Tnecmel cover falled at
1/32-fnch-thick 2.0 seconds. Magnesium
Inconel cover wvas observed to melt at
(f1ig. 1(a)) sharp T.E. before this

time.

2 17{Simple L.E. - 2,980 to 3,360 g.4 .6 2,630 Exposed magnesium behind
1/32-inch-thick L.E. cover melted at
Inconel cover 2.0 seconds and ignited
(fig. 1(b)) at 4.6 seconds.

3 17|8imple L.E. - 3,210 to 3,320 8.6 3.5 2,960 Exposed magnesium behind
1/32-inch-thick L.E. cover melted at
Inconel cover 2.0 seconds and ignited
(f1g. 1{c)) at 3.5 seconds.

1} 17[simple L.E. - 3,550 to 5,600 6.9 1.6 2,8%0 Inconel cover failed
1/32-inch~thick along stegnation line.
Inconel cover %{o
tr: edge
(£1g. 1(4))

5 45(|8imple L.E. - 3,3% to 3,400 7.9 3.2 2,800 Exposed megnesium behind
1/32-inch-thick L.E. cover melted at
Inconel cover ebout 1.9 seconds and
(£ig. 1(e)) ignited &t 3.2 seconds.

Exposed magnésium at
tlp ignited at about
3.0 geconds.

6 17|Modified simple 3,380 to 3,430 7.8 1.5 2,100 Inconel cover falled
L.E. - 1/32-inch- along stagnation line.
thick Inconel
cover and Flbergles
(fig. 1(a))

T 17| Double~wrs; L.E.- |2,380 to 2,kko 13.0° ——- 1,7h0 No demage.

(rig. 1()) (4 second -
test)

T 17 |Double~wrap L.E. [2,410 to 2,560 12,6 - 2,000 Some melting of exposed
(£ig. 1(f)) (10 second magnesium noted at

test) end of test.

8 17{Fully cled fin with |3,310 to 3,490 7.8 a* 2,300 " |Most of covering was red
double-: ped hot at 3 seconds. L.E,
L.E. (fig. 1{g)) cover failed along

stagnation line at
sbout 8.4 seconds.
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Figure 1.~ Sketches of models tested. Rivet patterns are shown to seale.

9T

LICLLET W8 YOVN




ne.

O
LTLLCT We VOWN

Z 1/16" radiug

[ r
©
O] G
11" Hf ©
o)
&)
©
O 'c}
e
11,75% ~{ 1/52" thick Inconel —
i;ﬂ -
41/16" radius
(c) Model 3, (d) Model 4.

Figure l.- Continued.
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Figure 2.~ Variation of stresm conditions along Jjet center line with stagnation temperature.
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Figure 3.- Model 1,
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Figure 3.~ Concluded.

LTolCT v VOYN

4




e

5600 - 3600
ac
—————= Inconel
—————— Meagnesium
%200 T %200
1 Tz
Inconel melts
2800 — '
T
Ty . "
2’_'_00 // - e —
e /
Oq
£
2000 //// Model 1
/ Magnealum melta
160 ———
/ 1600 7
/]
rs
/ / /
120 7 1200 4
/
————————— Inconel
800 ~ T 1————= llagn:l: Lum 800 // e
i _+
4% 1 2 d * 2 lmqb 1 2 L 5
t, sec- t, sec
(e) Leading edge. (v) =x/c = 0.133.

Pigure 4,- Temperature time histories obtained during test of model 1. Free oxygen in stresm
about 7.5 percent by volume.
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Figure 5.- Temperature time histories obtained during test of model 2. Free oxygen in stream
about 9.4 percent by volume.
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Figure 6.~ Temperature time histories cbtained Quring test of model 3. Free oxygen in stream
about 8.6 percent by volume.
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Figure 8.~ Temperature time histories obtained during test of model 5. Free oxygen in stream
about 7.9 percent by volume.
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Figure 10.- Temperature time histories obtained during test of model T. Free oxygen in stream

about 13.0 percent by volume.
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Figure 11.~- Temperature time histories chtained during test of model 7. Free oxygen in stream
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Figure 12.- Temperature time histories obtained during test of model 8. Free oxygen in stream
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Figure 1h.- Variation of total heat flux with time at several stations on models % and 8 as
calculated from measured temperatures in different layers of material.
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Figure 15.- Comparison between messured temperatures and those calculated with simple heat-
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